Background: Post-retained crowns are indicated for endodontically treated teeth (ETT) with severely damaged coronal tissue. Metallic custom and prefabricated posts have been used over the years, however, due to unacceptable color, extreme rigidity and corrosion, fiber posts, which are flexible, aesthetically pleasing and have modulus of elasticity comparable with dentin were introduced. Aim: To compare clinical performance of metallic and glass fiber posts in restoration of ETT. Materials and Methods: 40 ETT requiring post retained restorations were included. These teeth were randomly allocated into 2 groups. Twenty teeth were restored using a glass fiber-reinforced post (FRP) and 20 others received stainless steel parapost (PP), each in combination with composite core buildups. Patients were observed at 1 and 6 months after post placement and cementation of porcelain fused to metal (PFM) crown. Marginal gap consideration, post retention, post fracture, root fracture, crown fracture, crown decementation and loss of restoration were part of the data recorded. All teeth were assessed clinically and radiographically. Fisher's exact test was used for categorical values while log-rank test was used for descriptive statistical analysis. Results: One tooth in the PP group failed, secondary to decementation of the PFM crown giving a 2.5% overall failure while none in the FRP group failed. The survival rate of FRP was thus 100% while it was 97.5% in the PP group. This however was not statistically significant (log-rank test, P = 0.32). Conclusion: Glass FRPs performed better than the metallic post based on short-term clinical performance.
coronal tooth structure. [4] [5] [6] Traditionally, prefabricated posts were made with metal, which are at times visible through the structure of ETT especially in the anterior region. [7] Having high rigidity, metal posts appear to vibrate at high frequencies when loaded with lateral forces. [8] The focusing of these forces in unpredictable "critical points" may determine longitudinal fractures of the root or metal corrosion [9, 10] and consequently lead to loss of the tooth. [11] [12] [13] Some researchers [14, 15] have suggested that as these metallic materials have much higher moduli of elasticity than that of the supporting dentin, this mismatch in the moduli could lead to stress concentrating in the cement lute, leading to its failure. This has led to a search for a plastic-based material that has a modulus closer to that of dentin. [16] Carbon-fi ber post, among the many prefabricated fi ber post-and-core systems was proposed by ; [17] to reduce the failure rate of post-retained restored teeth. These relatively recent posts are made of equally aligned carbon-fi bers attached to an epoxy resin matrix and present an interesting property "anisotropic behavior" with the material having different physical responses when The restoration of the endodontically treated tooth (ETT) represents a key factor during treatment planning because of its impact on the long-term prognosis of the tooth. [1] The pulpless tooth is usually associated with substantial loss of coronal and radicular tooth structure from pre-existing restorations, dental caries, trauma and endodontic access preparation. [2] It is generally assumed that this loss of hard tissue leads to reduced load carrying capacity of ETT. [3] Hence, posts are indicated for ETT that are highly susceptible to fracture because of their insufficient loaded in different directions. This characteristic is of clinical relevance, as it may strongly reduce the possibility of root fracture and decementation. [11] The objective is to create a "cement-post-core" system with homogeneous properties and physical characteristics similar to tooth tissues. [18, 19] In addition, quartz and glass fi ber posts embedded in a fi lled resin matrix have been developed to fulfi ll aesthetic requirements.
[20] Also, restoration of ETT with metal-free, physicochemically homogeneous materials with similar physical properties as dentin, has become a major objective in dentistry. [21] Researchers and manufacturers have introduced several post-and-core restorations with the aim of providing reliable systems for reconstruction of ETT. [8] In spite of these efforts, it is still diffi cult to predict the clinical survival times of treated teeth restored with posts and cores. The prognosis may be related to several factors, including the type of material used for the post and core; the shape, dimensions and length of the post and the kind of cement used.
The use of fi ber post in comparison with conventional metallic post in restoration of structurally compromised ETT in a developing country like ours is yet to be documented thus, this prospective randomized clinical study was set out to observe and compare the performance of glass fi ber posts with metallic stainless steel posts in the restoration of ETT.
MATERIALS AND METHODS
The study was carried out in the Conservation Clinic, Dental Centre University College Hospital, a tertiary hospital in an urban city of Ibadan capital of Oyo state Nigeria. Teeth that had been successfully treated endodontically, required post retained restoration as fi nal coronal restoration and had a minimum of 2 mm coronal tooth structure cervically for ferrule effect were recruited for the study between April 2010 and June 2011. Ethical approval was obtained from University of Ibadan/University College Hospital Ethical Review Committee (UI/EC/10/0026).
One hundred and seventy ETT were assessed in 153 patients during the period of study out of which 40 teeth in 30 patients met the inclusion criteria and were included and randomly allocated using the ballot box into 2 intervention groups. Every alternate patient with a single tooth for restoration picked from the ballot box to choose the type of post to be used for restoration. Hence, consecutive patient automatically had the second type of post for the restoration. In addition, patients that had two teeth treated picked the type of post for the fi rst tooth to be treated and the second type, automatically selected for the second tooth. Thus, each patient with more than one tooth had the two different types of post cemented in them. Group one comprised of teeth treated with metallic stainless steel post while teeth in group two were restored with glass fi ber-reinforced posts. The teeth included: 23 (57.5%) central incisors, 6 (15%) lateral incisors, 7 (17.5%) premolars and 4 (10%) molars [ Table 1 ], all in occlusion with natural teeth. In the 40 teeth treated, 75% presented with single canal (the incisors and a mandibular premolar), 15% had 2 canals while 10% had 3 canals. However, only one canal in each tooth received a post (palatal canal in the upper premolars and distal canal in the lower molar).
Clinical procedure
Prior to canal preparation, both clinical and radiographic examinations of each tooth were done to ascertain its suitability for post placement. An appropriate size of glass fi ber or stainless steel parapost (PP) post was selected for each canal based on the pre-operative radiograph. The tooth was isolated using rubber dam and provisional restorations removed. Canal preparation was carried out with peso reamer, removing gutta-percha in the canals leaving a minimum of 4 mm at the apex for maintenance of apical seal and canal refi nement completed with the drill for the appropriate size of the post selected. The length of the post was checked and reduced to the appropriate length for each tooth using a diamond bur (on fast handpiece) which was kept perpendicular to the long axis of the post in case of the fi ber post to avoid damaging the fi ber structure and its mechanical characteristics. The length of the posts was at least equal to the length of the clinical crown, ensuring the apical gutta-percha seal of 4 mm. [18] The canals were cleaned with sodium hypochlorite solution to remove dentin shavings and immediately rinsed off with normal saline after, which canals were dried with paper points. A self-etch primer (Bond Boost: Premier Co., Ltd.,) was applied in the canal with a microbrush and the excess blotted with paper point. Dentin adhesive was applied with a microbrush both inside the canal and on the surface of the post and cured. A dual cure luting composite (IntegraCem: Premier Co Ltd) mixed according to manufacturer's instruction, was applied in the canal with a fi le and also on the post, which was immediately placed in the prepared canal gently allowing excess cement to fl ow out to prevent hydrostatic pressure build up in the canal. Post was held in place for about 10 s for initial set and excess cement removed. The composite resin was further cured with composite light curing machine (Smartlite dentsply) of wavelength 450-500 nm applied for 40 s. A total of 20 stainless steel posts were cemented in 20 teeth and also 20 glass fi ber posts cemented in 20 teeth. A periapical radiograph was taken at this point to assess the post alignment after cementation. A core of composite was built on the coronal portion of the cemented post and prepared for porcelain fused to metal (PFM) crown. A polyvinyl siloxane impression of the prepared tooth was taken and opposing arch impression taken in alginate. A temporary crown of polycarbonate for anterior teeth or acrylic for posterior teeth was cemented with the temporary cement (TempBond Kerr, Italy), for a minimum of 2 weeks, to allow for completion of the laboratory fabrication of the PFM crown. The PFM crown was cemented in place after about 2 weeks with zinc phosphate cement. A periapical radiograph was taken at cementation and all the clinical parameters recorded. These were also repeated at 1 and 6 months' review.
Based on criteria used by some clinical studies, [2, 8, 22] the outcome was considered successful if the post and core were in situ with no displacement or detachment of the post, no crown or prosthesis decementation and no post, core or root fracture, intact marginal integrity without catching of the explorer or visible crevice, immobility of the fi nal prosthesis (crown), no loss of restoration, absence of endodontic and periradicular conditions requiring endodontic retreatment. Subjective symptoms reported by the patients were considered potential signs of failure. All the cases were treated by one operator.
Two dentists (the researcher and a specialist conservative dentist) evaluated the clinical performance of the restored teeth. Each tooth was assessed both clinically and radiographically after 1 month and 6 months post cementation of PFM crown. The second observer was however blinded.
Statistical analysis
All data were analyzed using the statistical package for the social sciences statistical package version 15 (IBM). Comparisons between the two post groups with regard to the frequency of failures were performed for the 1 month and 6 months follow-ups using the Fisher exact test. Kaplan Meier survival curves were constructed for both groups for descriptive purpose and survival compared with a log-rank test. Inter examiners variability was measured with Kappa. Level of signifi cance was set at 0.05.
RESULTS
A total of 30 patients aged 18-74 years with a mean age of 38.2 ± 16.8 years (standard deviation) were recruited for the study and 40 teeth which met the inclusion criteria were evaluated in these patients. A great majority of the teeth (72.5%) were anterior teeth while the least treated (10%) were molars. Out of these cases, 38 teeth were available (19 in each group) at 1 month review, out of which only a case in metallic post group had slight opening of crevice on probing the margin while all the teeth in the fi ber post group were intact. At 6 month review, a tooth in each group had minimal crevice at the margin out of the 16 in group one and 18 teeth in group two that were available for review [ Table 2 ]. At the end of the 6 month review, a total of 10% and 5.6% marginal failure was recorded in group one and two respectively. The difference in the changes recorded in the marginal integrity of the teeth in the two groups at 1 month and 6 months were however, not statistically signifi cant (P = 1.0 at 1 month and P = 0.5 at 6 months) [ Table 2 ]. In view of crown mobility, a tooth with grade 2 mobility due to core fracture leading to loss of crown retention was recorded in group one accounting for 5.3% of cases with PP and 2.6% of overall cases at 1 month review while a tooth (a central) in each group had grade 1 mobility at 6 month review (this was however, taken as potential failure). All the other teeth in the two groups were intact at the 6 months review. None of the teeth available for review in the 2 groups both at 1 month and 6 month reviews, had fractured PFM restoration, fractured root or post, loss of post retention [ Tables 2 and 3] ). On radiographic assessment, all the teeth in the two groups had no new or increase in size of periapical radiolucency during the 1 month and 6 months review [ Table 3 ]. The periodontal tissues were healthy in all the cases and no subjective symptoms reported.
Overall survival at 6 months
One tooth in stainless steel PP group failed secondary to decementation of the fi nal coronal restoration-the PFM crown giving a 2.5% overall failure while none in the glass fi ber post group failed in terms of loss of post-core-crown retention. This thus gives a 97.5% success in the PP group and a 100% success in the glass fi ber post group for the 6 months period they were both reviewed. Survival statistical analysis at 6 months: In this study, no statistical difference was found in the frequency of failure at 6 month review and log-rank test used to compare the survival also showed no statistical difference. Log-rank test was P = 0.14, when marginal failure was considered, P = 0.51 when mobility was considered and 0.32 when core retention was considered. The Kaplan Meier curve [ Figures 1 and 2] showed the 2 groups running almost parallel for the period they were observed indicating equal behavior in the 2 groups. The independent examiners' assessment was measured with kappa which gave a score of 0.97 showing strong agreement between the two observers.
DISCUSSION
The present study was set out to observe and compare the clinical performance of two types of prefabricated posts one of which i.e., glass fi ber post is relatively new and becoming increasingly popular in restoration of ETT and in its use as an alternative to the metallic post especially in the aesthetic part of the mouth.
The observed 10% change in the marginal fi t of a tooth in the metallic post group at 1 month and at 6 months as against 5.6% of the non-rigid glass fi ber post group, was not statistically signifi cant. This is in agreement with fi ndings of Rosentritt et al., [23] and Ni [24] who similarly observed minor differences in the marginal fi t of teeth restored with these two types of posts. The marginal defect was mainly seen on the labial surface of the tooth with the palatal margin intact which is also in accordance with a report of Ni. [24] The greater percentage seen in the metallic post group may be due to the rigidity of the post. However, besides the rigidity of the post, other factors such as fi tness between post and the canal, the fi nal restoration and direction of load may infl uence the marginal integrity of the restoration. [24] The marginal defect observed in only one tooth (5.6%) in the glass fi ber post group is in accordance with the clinical study by Garcia-Gordoy and Ferrari [25] which recorded an excellent performance of teeth restored with glass fi ber post with only 2 (5.6%) of the cases presenting with crown dislodgement and poor marginal integrity at 6 months review. The possibility of fl exing of fi ber post when tooth is under function has been documented to be a favorable property of the post. [18, 26] However, excessive fl exion can also open the margins leading to caries, endodontic leakage and apical reinfection. [18] This could be the explanation for the tooth with marginal defect in the glass fi ber post group. Although the teeth with slight marginal defect observed in this study were intact when other parameters were assessed, the defect can be taken as a potential failure of the restoration.
The grade 2 mobility of the PFM crown in group one at 1 month review of the study was possibly due to the slight defect in marginal fi t of the crown secondary to error in fabrication of the crown. This however might have led to leakages thereby causing cementation failure. In this case, the PFM crown was however, removed at the review and recemented with better marginal fi t after the margin of the crown was corrected in the laboratory. This tooth was still functioning satisfactorily as at the 6 th month review. The mobility recorded in an anterior tooth in group one was not statistically different from the single case seen in group two at 6 months review (P = 1.0) and it is in accordance with a clinical study [16] where slight mobility of the crowns were recorded in cast post and carbon-fi ber group with no case of mobility in the glass fi ber post group after 12 month review of the study. However, in the present study, the teeth with mobility in the two groups at 6 months were those that showed slight marginal defect on probing at the same visit. This can thus be recorded as potential failure for the teeth and thus the need for further follow-up.
Though some studies have reported post debonding as most frequent failure in post retained restorations [27, 28] and others have reported post fracture as most frequent failure, [29] the present study, observed that all the treated cases reviewed had intact post with no post decementation or post fracture experienced. This also has been the report of few clinical studies, [3, 30] on comparison of metallic post and glass fi ber posts, where no post fracture or post decementation was recorded after at least 6 month's review. All the posts in this study were cemented with dual cure resin composite, which has been reported to show good retention with little or no marginal leakage, good marginal seal preventing reinfection of the tooth and loss of post retention and acceptable fracture resistance when used to cement prefabricated posts. [30] [31] [32] The increased seal may be attributed to the bonding of the resin and post to the root dentin. This may however, be the reason for the good retention recorded both clinically and radiographically over the review period in this study, with no incidence of decementation and microleakage around the restored teeth recorded in relation to the two types of post used as it has been previously documented and demonstrated that resin-based cements have greater retention than do conventional cements, like zinc phosphate. [32, 33] The present study also showed good radiographic result for all the teeth in the two groups in view of periapical lesion, with no case of new periapical lesion recorded. Rather, reduction in lesion present before endodontic treatment and coronal restoration was observed, which indicated good healing. The success recorded in the study, is in keeping with some clinical studies, [30, 34] where no signifi cant association was found between periapical lesions and intra-radicular posts. On the contrary, a retrospective study [35] reported a 1.2% failure of fi ber posts retained restoration due to the presence of periapical lesion.This was endodontic failure found on radiographic examination with the teeth asymptomatic and not due to technical failures from the post.
A case of fracture of core seen in group one at 1 month was in the tooth that had marginal failure and Grade 2 mobility. The tooth was however, restored back to function with no subsequent failure at further reviews. The initial core failure recorded was due to loss of adhesive bond between the core material and the post. This is similar to fi ndings of Malferarri et al., [8] who reported failure of the core off the post secondary to loss of adhesion of the core to the post.
The absence of root fracture in all the teeth during the study period is in agreement with some clinical studies [2, 8, 35] on fi ber post, which reported no root fracture during the period of their various studies. Also, studies [21, 29, 36, 37] have reported less root fracture in glass fi ber post than metallic posts in restoration of ETT due to the near dentin modulus of elasticity of the fi ber post which gives it increased resistance to root fracture when compared with metallic post. This result may also be due to the fact that teeth with a minimum of 2 mm tooth tissue coronally for ferrule which has been documented to be more important in prevention of root fracture, [18, 38] were considered. It could also be due to the types of posts used in the present study i.e., parallel sided metallic prefabricated posts, which have been reported to have higher resistance to fracture when compared with tapered [39] and glass fi ber post which has been reported to show no signifi cant difference in their fracture resistance whether parallel or tapered. [3] Also, glass fi ber posts have demonstrated the ability to fracture at the coronal portion of a tooth restoration with the presence of catastrophic forces without fear of root fracture [7] and this may be the single most compelling reason for their use and recorded success. [26] The success rate of 100% for glass fi ber post in the present study is in agreement with Naumann et al., [32] who recorded no failure during their study period, but higher than some other clinical studies who have reported failure rate of glass fi ber post as low as 1.7% [8] to as high as 13%. [2] The success rate of 97.5% for the metallic post in the present study is high compared with 75.6% recorded by Schmitter et al., [36] This could however, be due to the fact that a parallel sided passive prefabricated metallic post, which has been documented to have better retention and less failure in terms of fracture of post or root fracture [40] was used as against the screw metallic post used by Schmitter et al. [36] The Kaplan Meier survival analysis in the present study showed no signifi cant difference in the clinical behavior of the 2 groups during the 6 month study period. The glass fi ber posts were observed to have had equally good clinical performance within this period when compared with metallic posts. This is in agreement with some clinical studies on survival of glass fi ber post, [3, 29] that recorded equal performance of the fi ber posts within the fi rst 6 months of review and reported no statistical signifi cant difference when Kaplan Meier survival analysis was done. Though the glass fi ber post is technique sensitive in application, it is easy to manipulate clinically and when aesthetics is the utmost concern in restoration, glass fi ber post should be highly considered.
